Diversity of Circumsporozoite Antigen Genes from Two
Since then, a number of surface antigens from the sporozoite and merozoite stages of different malarial parasites (P. falciparum, P. cynomolgi, and P. lophurae) have been cloned, and each of the surface antigen genes has been found to contain tandemly repeating units (2-7). We now present the complete nucleotide sequence of the CS gene of another P. knowlesi strain, the Nuri strain (Fig. 1) The gene for the circumsporozoite antigen (CS gene) of the H strain of the simian malarial parasite Plasmodium knowlesi has recently been cloned and sequenced (1). A remarkable feature of this gene is the presence of 12 tandemly repeating 36-base pair (bp) units in the middle of the coding sequence. This gene encodes a parasite surface protein with approximately 40 percent of the polypeptide chain consisting of a tandemly repeating 12-amino acid peptide. Since then, a number of surface antigens from the sporozoite and merozoite stages of different malarial parasites (P. falciparum, P. cynomolgi, and P. lophurae) have been cloned, and each of the surface antigen genes has been found to contain tandemly repeating units (2-7). We now present the complete nucleotide sequence of the CS gene of another P. knowlesi strain, the Nuri strain (Fig. 1) . The gene from the Nuri strain exhibits a different nucleotide repeat unit than that from the H-strain gene; the 5' and 3' coding and noncoding sequences flanking the repeat units are the same in both strains. Conserved sequences flanking variable repeat regions have recently been reported for S-antigen genes from two isolates from P. falciparum (8).
To isolate the Nuri strain CS gene, we constructed a Xgtll 1 (9) library with blood-form DNA randomly cleaved with DNase I to an average size of 1000 bp (Fig. 2) . Using as a probe a 1.6-kilobase pair (kb), Aha III-restriction endonuclease fragment that contained the CS gene of the H strain (1) and was labeled with 32p, we isolated and plaque-purified 11 positive Nuri strain clones from approximately 120,000 plaques. A restrictionendonuclease cleavage map of the Nuri strain clones was constructed and compared with that of the H strain DNA (Fig. 2) . The cleavage sites appeared to be identical for 2.5 kb in both strains. Four Xgtl 1 clones, XKN5, XKN6, XKN7, and XKN8, were used to sequence the Nuri strain CS gene. The nucleotide sequence of the CS gene was established by the Sanger dideoxy chain-termination method (10) after the inserts were subcloned into M13 sequencing vectors (11).
The complete nucleotide sequence and the deduced amino acid sequence of the Nuri strain CS gene is shown in Fig. 2 To isolate the Nuri strain CS gene, we constructed a Xgtll 1 (9) library with blood-form DNA randomly cleaved with DNase I to an average size of 1000 bp (Fig. 2) . Using as a probe a 1.6-kilobase pair (kb), Aha III-restriction endonuclease fragment that contained the CS gene of the H strain (1) and was labeled with 32p, we isolated and plaque-purified 11 positive Nuri strain clones from approximately 120,000 plaques. A restrictionendonuclease cleavage map of the Nuri strain clones was constructed and compared with that of the H strain DNA (Fig. 2) . The cleavage sites appeared to be identical for 2.5 kb in both strains. Four Xgtl 1 clones, XKN5, XKN6, XKN7, and XKN8, were used to sequence the Nuri strain CS gene. The nucleotide sequence of the CS gene was established by the Sanger dideoxy chain-termination method (10) after the inserts were subcloned into M13 sequencing vectors (11).
The complete nucleotide sequence and the deduced amino acid sequence of the Nuri strain CS gene is shown in Fig. 2 . For the regions 5' and 3' to the repeating units, the sequence in the Nuri strain is 98 percent identical to that in the H strain. The diversity of the sequence of repeating units, however, is striking. Two small sections in the CS genes of P. falciparum and the H strain of P. knowlesi are homologous (3). These sections are also maintained in the Nuri strain of P. knowlesi (Fig. 3) . The diversity of the Nuri strain gene begins just beyond the homologous section in region 1. The conservation of these sections in the Nuri strain gene supports the possibility that they encode important functions.
The CS protein of the Nuri strain is 12 amino acids shorter than that of the H strain. However, in terms of overall protein structure, the Nuri protein contains the same signal sequence, the same charged region before the repeats, and the same anchor region as in the CS protein of the H strain. The major differences between the proteins are the size, number, and composition of the peptide repeat units of these strains.
Southern blot analysis indicated an allelic nature for the CS genes in these two strains. Blots of Eco RI and Aha III restriction enzyme digests of genomic DNA from the blood form of the Nuri strain and the H strain showed similar single bands when probed with a 1.6-kb Aha III fragment containing the CS gene from the H-strain. The presence of a single band is consistent with the CS gene being a single gene in the Nuri strain, as it is in the H strain (1).
The production of a family of genes with a strain-specific variation in a tandemly repeated internal section flanked by a constant region requires two molecular mechanisms. First, a single unit of the repeat section must be amplified; second, the repeat region must be able to behave independent of the rest of the gene. Whether these mechanisms operate within the life cycle of Plasmodium, rather than on an evolutionary time scale, remains to be determined. There is, however, no difference between the CS gene copies of the merozoite and 23 AUGUST 1985 sporozoite DNA, but this does not rule out changes in other developmental stages such as the gametocyte or zygote. The precise interposition of the changed repeat sequence at the 5' end of the CS gene and the imprecise interposition at the 3' end (Fig. 2) probably reflect the underlying molecular mechanisms.
The presence of repeating peptide units in all malarial surface antigens has given rise to speculation regarding their function (2, 12). We have suggested that they have a role in evasion of the host immune system by acting as an immune decoy protein (12) . It has also been suggested that the presence of repeating The general strategy of the experiment was as follows. After isolating a cell, we first determined its receptive field while the monkey fixated on a small target. On the basis of the cell's response to bars of various colors, orientations, and sizes, we determined which stimuli were effective in driving the cell and which were ineffective. Effective stimuli were then presented at one location in the receptive field concurrently with ineffective stimuli at a second location. The monkey was trained on a task that required it to typically fall several different stimuli. Thus, paradoxically, more rather than less information appears to be processed by single neurons at each successive stage. How, then, does the visual system limit processing of unwanted stimuli? The results of our recording experiments on single neurons in the visual cortex of trained monkeys indicate that unwanted information is filtered from the receptive fields of neurons in the extrastriate cortex as a result of selective attention.
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